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FOREWORD

This report was prepared by The Dow Chemical Company, Midland,
Michigan, under USAF Contract Nr. FO4611-67-C-0067. The contract
was initiated under Air Force BPSN Nr. 623148, AFSC Project Nr.
3148. The work was administered under the direction of the Rocket
Propulsion Laboratory, Edwards Air Force Base, with Captain Robert
Bargmeyer a. air Force Project Officer.

This is the first annual technical summary report, covering
the work performed during the period of 1 January 1967 through
31 December 1967. The Dow Report Number is FS-1A-68.

Management direetion at Dow is under Dr. D. A. Rausch, Assist-
ant Laboratory Director, Chemicals Laboratory, and the work super-
vised by Dr. E. T. Niles, Group Leader. Mr. E. J. Wilson 1is the
principal investigator with Mr. K. Roberson making major contri-
butions.

This report has been reviewed and 1is approved.

W. H. Evelke, Colunel, USAF
Chief, Propellant Divislon
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(U) ABSTRACT

(C) Survelllance has contlnued on various samples of aluminum
hydride. The types of alum!inum hydridc which are beling studied
include: wunstabilized macrocrystallline, magnesium doped, and
magnesium doped, DPA (diphenylacetylene) treated AlHa-l451. These
samples arc providing valuablce decomposltion rate data both neat
at -15°, 25° and 40°C., and in propellant. at 25°, 40° and 60°C.
Recently, neat surveillance studles have begun on high stability
magnes lum deped, DPA treated hydride and n-butylamine treated
material which have 60°C. stablilitles of greater than 20 days to

reach 1% decompositlon.

(C) Results of survelllance of rcat alumlnum hydride continue

- to indlcate greater lmprovement in 25°C. stabllity than was ob-
served with these samples ats-60°C. Once sample whlich reached 19
dzcomposition in 25.5 days at 60°C. has dccomposed only 0.019%
after 1 year at 25°C. as dectermined by a modlfied Taliani method.
Another sample with a 60°C. stabliiwy of 1¥.3 days ‘o 1% decom-
position also showed excellent 25°C. stabllity, reachlng only 0.05%
decompusitisn after 1 year sturage. Other samples with 60°C.
stabllities of up *o 40 days to 17 deccmporition are novw belng
evaluated at 25°C.

(C) Results of survelilance ot alum! .um hydride propellant

re continuing to show decreasing gas gericratlon rates with tlme,
At 25°C., double base propellant contalning unstabilized macre-
crystailline hydride decomposed approximacely 0.285 during the
f'rst year, 0.09% during *he second year, and 0.04% durlng <he
tlrst half of the third year study. Dvcompuslition flgures assume
all gas ls generated by decompositicn .f *the aluminum hydride and
gas generation measurements are by a mcdified Talianl method.
Stablilized aluminum hydride, magnesium d.ped and DPA treated
sanples, deccmposed only approximate.y 0,107 durirg°the flirst year
and very llittie cver the first half of the sccond year ln doeuble
base propellant at 25°C.

(C) Small amounts of water in the environment which the alu-
minum hydride 1s subJected to have been found tn prevent the '
typical "autocatalytic”" shaped decumpisltion curve. Instead, an
"initlal gassing" perlod lg cbserved fillowed by excellent sta-
blll%y. The shape of these gas generat!.n curves markedly re-
sembles the shape of the decumpusitlun curves previcusly discussed
for propellant at 25°C.

(C) Techniques are belng devel.ped to utllize small amounts
o hydrolysis to stablilze alumliue hydride. A seventeen-day
treatment of the hydride In wet (2.07 warer) n-butylamine at 60°C.
has produced a two- ‘o fuurfold lupr vement In the stabllity of

various hydride samples.
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(C) The stability of neat aluminum hydride has been found
te correlate inversely with the amount of 1lithium, other than
1ithium chloride, present as an impurity in the hydride. Excess
lithium aluminum hydride is required in production of AlH3-1451
to enable desolvation of aluminum hydride etherate. The mechanism
of the desolvation is not known, nor has the state in which the
1ithium resides in the AlHa3-1451 crystal been determined. Studies
are under way under Ccntract FO4611-68-C-0021 to define and elim-

- inate the stablility problems associated with the lithium impurity.
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SECTION I

(U) TECHNICAL RESULTS AND DISCUSSION

(¢} Major advancements have Lcer made in processing aluminum

hydride to ‘produce

naterial of improved stability.

PFlgure 1 showus

-the magnitude of advanccmenis made in the 60°C. stability of alu-

minum hydride during the past few years.

Whereas not long ago

average pilot plant aluminum hydride reached 15 decomposition in
5 days at 60°C., today, with the incourporation of magnesium dop-
ing and DPA surface treatment 2long with process improvement,
many pilor plant aluminum hydrldc samples exceed 20 days to reach
1< decomposition at €0°C. Develcpmen* of a post-treatment pro-
cedure with we* n-butylamine has resulted In at least dcubling

of the 60°C. s.:bility of samples recclved from the

pilot plant.

(C) Althcugh these stability improvements have been made, 1¢
15 belleved that atditional Improvemen®s are necessary before
aluminum hydride can be used In largs stcrable solid rocket pro-

pellant motors dug

FS -1 - B 2 Y
cf decomposition i

to the intornal prosswres caused
*he hydride. It 1lg “he purpese

gram t: s*.dy and charac-.rlze “he decomposi: lon of
of aluminum hydride cver a range of 'emperatures to enable a better
assessmen® 2f the decomposition rates tu be expected during long
term storage of the hydride, nea* and In propellant.
date these data will le very valuably in predicting
bliity and shell 1ife. -7

A. SURVEILLANCE OF NEAT ALUMINTM HYDRfDE-lLSI (u)

by small amounts

¢f this prc-
various samples

At a future
iong term sta-

(C) The decomposition and srabillsy Jdeterminazions of various
samples of alumlnum hydride have been cun' Inued and expanded to

In2lude: wunstabilizcd macrocrystalline, magneslum-doped, magnesium-

doped DFi-treated, and mcre recently n-butylamine treated material.
Results irndicate that the newer s+abllized material not only main-
iains the facter of stabill:y Improvement cbserved at 60°C., but
actually increases the 25°C, s+abllity by an appreclably greater

s prcsented in this scetion demonstrate this

amocunt. The resul*
important phcnomenc

1. icrocrystallin

vy
H Y

e Hydr:de {U)

(C) Many samples <f the original micrcerystalline (1-5 u)
stored at amblent temperature and -15°C. and
have been perlodicaily checked for decumposition by hydrogen
tous programs (1). Results indlcated significant
decomposition rates even at ambluent temperature, with many samples

AlHa-1451 have been

analysis under prev

work has been condu

‘exceeding 50% decomposition after one-year storage.

cted with these materials.

No further

'The Dow Chemical Ccmpany, Arnual Technical Report, AFRPL-TR-67-37,
January, 1767, Contract Nr. AF 04(611)-11400, Dow Report Nr.

FS-4Q-60.
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2. Unstabilized Macrocrystalline Hydride (U)

(V) A number of macrocrystalline AlHa-1451 samples has been
stored in taped glass vials under an inert atmosphere at ambient
temperature and -15°C. for several years. Samples were also
stored at 40°C. for 222 days. The samples were periodically
sampled for hydrogen analysis and 60°C. stability testing.

(C) The results of the periodic hydrogen analysis of the
samples stored at -15°C. and ambient temperature are listed in
Table I. These results indicate very little decomposition in
many of the samples. It is evident that the low levels of de-
composition these samples have reached are within the experimental
error of the hydrogen analysis technique used.

(C) The results of periodic hydrogen analysis of the samples
stored at 40°C. are listed in Table II. The decomposition levels
observed in these samples are significant and the average decom-
position curve for the six samples studied is shown in Flgure 2.

(C) The periodic 60°C. stability test results for the four-
teen unstabilized samples being studied at -15°C. and ambient tem-
perature are listed in Tables III and IV. No additional testing
of the -15°C. samples has been conducted on this program. Previous
results showed very little change in the 60°C. stability of these
samples as a result of storage at -15°C. The samples stored at
25°C. have been re-examined and found to have decreased consider-
ably in 60°C. stability after approximately 36 months storage.

Of the fourteen samples listed in Table IV, the first five have
been somewhat erratic in stability change whereas the last nine
have decreased in stabllity gradually. The average of the sta-
bility of these two groups of samples is shown in Figure 3 as

a function of storage time. The increase in stability of the
first five samples during the first year storage may have been
caused by contaminaticn of the samples with water. The decrease
in stablility of the second group of samples is more representative
of the expected behavior of samples stored under an inert atmos-
phere at ambient temperature,

3. Magnesium-Doped gydride. (c)

(C) samples of eight Texas Pilot Plant lots of magnesium-
doped AlH3-1451 are being studied at -15°, 25° and 40°C. storage.
Deccmgosition is being measured by a modified Taliani procedure
at 25° and 40°C., and also by periocdic hydrogen analysis of samples
stored at -15, 25 and 40°C. Periodic 6C°C. stability testing is
being conducted on all stored samples to determine stability
changes. Analyses and the originel 60°C. stability of the samples
being studied are given in Table V.

-3.
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M. £ Hydougon, M S Wdieen
Sample Time, Biompe Toxp. Saspic Timc, T 12pC Timb.
63545 ] 10,12 10,12 02030 o .75 9.75
20 .70 5ok 3 4,59 4.58
=S 9,78 96 10 9.68 3. 18
n 9.84 9.2 15 9.67 v.67
i 9.00 9.492 23 -84 5.83
Ay 9.8 3¢ 3.8 9.83%
Aversge .97 3% v I —
GO ] 9.6 3.96 "f"" 9.7
3 9. 3R .60 ‘020444 ] 4.83 .83
10 3.82 (R 2 3.35 9.8%
15 9.52 3 0 w0 .87 4.5 '
21 9.86 [T i 2.5 10.01
27 9.83% ER.. | 21 b A= 10.00
», F.54 H sl 4.8
Average .03 - 4.4
021384 o 5k v B Aviiaw .l
* 3 1% ot pa [+] 10.00 10.00
10 (O8] [Pty . 10.0~ £, o
15 [ e is R 6.0
44 FR.L PN E] 10.08 .0
) 2 ‘.43 IN-- 1 20 L] 1.59
”® F0 4 Pt
Avrage 9.56 Awnrage 10.00
Qhivh o 10.27 10.2/ o50ns a .38 $.38
8 ER 9.96 6 9. 8 942
13 +.99 10.03 11 .97 9.99
19 9.8 Y7 1/ 19.02 10.03
& 10.07 10, i - ° Y. 5 10.13
33 10.03 3 EN
Average 10.7x% Avetuge 9.5«
061044 1 NS | 77 06 :0%AT [+ ». 0O 4,10
o 10.0¢ 10.62 1 16.01 d.ore
i P 10.05 11 10.03 10.0%
17 4. 0 . A i IS 10.09
23 10.0% 10.10 2 10.06 PR
3 10.08 3 10.05
Aversge 10.00 Avermie Y499
QT0bs 4] 10.0% 10.0% QlorAY [+] PR 2.83
5 10.05 10.00 V] 10.0/ Ww.05
- 10 e sd W, owg i0 ™ 10,07
12 7. % TR 1% w4 HH 3
22 10.03 i0.02 a2 P | 10.05
- 0 10.0., 30 FetH
Average 10.00 Averag. Y.y

*20.1% Nydrugon.
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Table IT_
(U) Stability of Aluminum Hydride-l‘&‘jl at 40°C.

Sample Number&

Decompo sitionb, %

Storagc Time, days

041854

04195

042658

06255

06275

06285
Average % Decomp.

1.3
1.8
1.1
0.2
1.2
1.0
1.1

1.3
2.4
2.2
1.7
2.5
2.2
2.1

23.0 42.4
16.9 35.0
16.7 33.3
14,3 35.0
20.4 38.0
15.9 36,2
17.9 36.6

aV‘Sta.mp).es stored 3 months in cold storage prior to evaluation.

bl'Jet:errninet,i by carbon and hydrogen analysis; hydrogen 1% of total.

Days -© Reach

Table III

(U) Effect of Storing Time at -15°C. on Thermal
a ¥y of Uns aEiZZz@ Aluminum Hydride

1% Decomposition at 60°C.2
atorage Time at -15°G., MONLAS
Original 3 g T1 16 20

Sample No.
3655-95-2 -
02034A 5.3
02044 3.9
020444 4.5
02134A 5.3
ol 194 5.5
03294 8.0
06014A 6.2
06024A 6.3
06054 8.0
061044 10.0
06104AT 10.2
07084 7.2
07084T 6.3

8paliani test

4.7
3.7
4.4
4.6
7.6
7.7
5.0
5.7
6.2
8.7
8.8
6.7
7.1

by
6.7
5.1
10.5
9.0
7.9
5.7
5.8
6.8
10.2
8.7

7.6
6.6

4.8
7.0
6.8
11.6
8.9
7.5
7.1
6.8
7.1
9.4
9.€
7.4
7.0

CONFIDENTIAL

~ 5.3

8.9
8.3
13.9

5.4
5.6

9.2

12.6

-
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(U) Fig. 2 - Average Decomposition Curve

for Macrocrystalline Aluminum Hydride-1451 at 40°C.
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Table IV

U) Effect of Storing Time at Ambient Temperatuie
on Therma a ty of Unsta zZe um de L

. o~ &
5 523’;: ?ngcgtlimﬁggﬁm gitggtzf-esomgﬁfhs
Sample No. OFIEmRAL % gyt g B (
4 3655-95-2 4.2 58 3.7 45 9.6 8.7 -- ;
. 020344 5.3 3.3 7.2 8.0 9.2 8.6 5.1 o
02044 3.9 3.9 6.6 6.3 6.8 8.3 4.0
020444 4.5 2.8 1.7 1.5 13.0 9.6 5.5
’ : . 02134A 5.3 8.7 1.2 8.5 9.0 7.0 3.4
¢ o194 5.5 7.2 6.3 6.0 - == 2.0 »
f 03294 8.0 6.9 5.4 4.6 ~— -~ 0.9
060144 6.2 5.0 4,2 4,2 - - 2.7.
06204A 6.3 b7 ) 4,2 - -~ 2.8
F 06054 8.0 5.9 4.5 4,1 - -~ 1.2
06104 A 10.0 8.3 7.4 7.3 — . - 3.2 »
. O6104AT 10.2 8.5 7.1 6.2 - - 2,1
07084 7.2 6.2 5.3 5.8 - -~ 3.1
: . oT7O0BA4T 6.3 5.4 4,1 3.6 - -- 1.1
® | 3Taliani test » ®
Table V
£) Magnesium-Doped Aluminum Hydride-1451
: urve ance Ssmples
¢ »
: 60°C. Stability Elemental Analysis, %
Lot No.  days to 1% Decomp. _C H Mg lAYI‘_Lﬁ__t:'I"
01206 13.2 0.22 9.98 0.63 88.8 0.12 <.1
01216 4.4 0.1% 10.03 0.67 88.9 0.12 <0,1
¢ 01286 12.3 0.18 10.05 0.48 89.1 0.12 <0.1 )
: . C1316 12.0 0.1 10.02 0.81 88.7 0.1% <0.1
06206 11.7 0.08 10.01 1.26 88.6 0.20 Q05
06276 ‘25.5 0.07 9.9 1.35 88.5 0.12 001
e 06286 18.8 0.17 10.00 0.9 87.8 0.16 o0.01 »

06306 16.8 0.17 10.09 0.86 88.1 0.17 0.05
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a. -15°C. Survelllance (U)

(C) The results from storage of these samples at -15°C.
are presented in Table VI. Of the elght samples the first four,
which contain <0.85% magnesium, have been stored for 20 months,
and the last four, which contain >0.85% magnesium, have been
stored for 14 months. All elght samples are scheduled for ex-

amination during April, 1968.

(C) The data presented In Table VI show no signficlant
change In the hydrogen content of the samples, another indlica-
tion that decomposition does not occur at a notliceable rate
during storage at -15°C. The periodic 60°C. stability testing
of these samples shows a slight increase in stabllity as .a .fune-
tion of storage time. Periodic oxygen analysis, by neutron actl-
vation, are veling included In the survel{llance program to de-
termine if these increases in 60°C. stability are related to
water contamlnation. Not enough data are avallablec at this time
to ascertain whether molsture contamination 1s occurring.

b. Amblent Temperature (~25°C.) Survelllance (U)

(C}! The results from the amblent temperature (~25°C.) storage
of the eight magnesium-doped AlHa-1451 samples during 20 and 14
months storage are listed In Table VII. At this temperature the
decomposition of the samples !s being conclnuously measured by a
modified Talliani procedure as well as by perlodic hydrogen anal-
ysis, and 60°C. stabili:y determinations are belng conducted.

(C) The data shown In Table VII are of considerable im-
portance since this is the most detalled long term study of the
decomposition of AlH3-1451 which has been conducted. The most
impourtant results are the Talianl measurements of decomposition:
at 25°C. These results are plotted for representative samples
in Figure 4. The differences betwcen samples In 25°C. stability
is much larger than the differences in “he 60°C. stability of
these samples. This w!ll be discussed further in Section I.D.1.
The periodic hydrcgen analysis data are scattered and are not
valld for determining decompositlon i1 this low range. The
periodic 60°C. stability results show a gradual decrease in sta-
bility as a function of storage time. Not enough oxygen analysis
data are avallable at this time tu determine if contamination with

water 1s occurring.

c. 40°C. Surveillance (U)

(C) The results from the 40°C. surveillance of the elght
magnesium-doped AlHa-1451 samples are listed in Table VIII.
The decomposition rate at 40°C. is high enough to be easily
followed by hydrogen analysis although consl!derable scatter of
the data is evident. For this reason portions of the samples
were transferred to a modlified Tallanl apparatus midway through
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CONFIDENTIAL 01316 !
€0°C STABILITY =12 DAYS

TO 1% DECOMP.

42
|% DECOMPOSITION |
10
2s°c. 06306
16.8 DAYS TO | % DECOMP.

o8 AT 60°C.

. . 7 CONPIDENTIAL

o 06286
18.8 DAYS TO 1% DECOMP.
AT 60°C.
02
Y S )
i A 255 BAYS TO 1% DECOMP
b | AT6OC, 415
%5 3 s 9 12 s

(C) Fir. 4 - Decomposition of Marnesium-Doped
Aluminum Hydride. 2451 at 25°C.
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the program. Since that time only one hydrogen analysis has
been run on each sample. However, at the point of analysis

good agreement between hydrogen content and Taliani data 1s ob~
served only for three samples, numbers 01216, 01286, and 06206.
The remaining five show poor agreement and the hydrogen analysis
values seem to be out of line. Additional analytical determina-
tions of hydrogen content are planned to determine the nature of
the discrepancy in the data.

(¢) Figure 5 shows the average decomposition curve for the
two groups of magnesium~-doped samples (<0.85% magnesium and
>0.85% magnesium?. The data plotted is taken from the hydrogen
analysis results for the first six months and subsequently from
the Taliani measurements.

4, Magnesium-Doped, DPA Treated Hydride (U)

(C) Eight samples of magnesium-doped, DPA treated AlH;-1451
have heen received from the Texas Pilot Plant. The flrst four
samples have been undergoing surveillance for about four months;
the second group has just recently been added to the program and
no data are available at this time. A 1list of the eight samples,
showing the 50°C. stability (time to reach 1% decomposition at
60°C.) and the elemental analysis of the samples is given in
Table IX.

Table IX
¢) Magnesium-Doped, DPA Treated Aluminum
ride- urvelllance Samples
60°C. Stability Elemental Analysis, &
Lot. No. days to 1% c H Me Al Li Cl_~ _ 0O
10056 20.1 0.58 9.90 1.19 87.4% 0.20 0.09 0.19
11286 18.9 1.06 9.95 1.20 87.5 0.17 0.03 0.23
11306 14.3 1.25 10.00 1.17 87.9 0.17 0.03 0.27
120664 22.7 1.10 10.08 1.18 87.4 0.15 0.03 0.35
08117A ~40 >1.0 9.99 0.93 88.1 0.10 0.05 ==
081874 ~30 >1.0 10.04 1.58 87.8 0.12 0.06 ~-
10107A ~35 >1.0 9.95 0.86 87.9 0.13 0.24 -
101978 ~25 >1.0 10.05 1.30 87.9 0.11 0.0% ==

a. =15°C. Surveillance (U)

(U) No data have been obtained from the -15°C. surveillance
of the Mg-doped, DPA treated hydride. Both sets of samples will
be examined for hydrogen content and 60°C. stability after 6

-15-
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AVERAGE
4 SAMPLES
<0.85% Mg

‘,

40C.
s

'fl}lﬁ;m- - 7 V,-, 4 16

(c) Fig. 5 - Decomposition of Ma%nesiumaboped
Aluminum Hydride-1451 at 40°C.
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months' storage time, which will be in February, 1968, and July,
1968 for each set, respectively. The oxygen content of the
samples will be closely followed by periodic analysis during
storage.

b. 25%C. Surveillance (U)

(U} No analysis or 60°C. stability data have been obtained
on these samples stored at 25°C., The first sampling period
will come in March and July, 1968, for the two sets of samples.
However, continuous measurement of decomposition at 25°C. with
a modified Taliani apparatus is beilng conducted and the results
are shown in Table X.

Table X
(2) Surveillance of Magnesium-Doped, DPA Treated
Aluminum Hydr%&efiﬁgi at 25°C.

% Decomposition?
Storage Time, months

Sample I 2 2
10056 0.005 0.008 0.013
11286 0. 00k 0.008 0.015
113064 0.009 0.020 0.029
120664 0.005 0.009 0.015
08117A 0.005 -- -
081874 0.003 - -
10107A 0.005 - -
10197B 0.003 .- -

8Modified Tallani method
¢. 40°C, Surveillance (U)

(U) The samples stored at 40°C. will be geriodically analyzed
for hydrogen content =ad will be checked for 60°C. stability.
Continuous measurement of decomposition with a modified Tallani
apparatus is also being conducted and avallable results are shown
in Table XI.

-17-
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{¢) Survelllance c{'naﬁgesiamubopeﬁ, DPA Treated
£ 40°C. )

Alt——r——————

% Decompositlion®

—3torate Time, mOnths
Sample 1 2 2 R
10056 0.043 0.11% 0.232 0.337
11286 0.053 0.159 0.356 0.524
11306A 0.083 0.215 0.576 1.027
120664 0.041 0.108 0.217 0.330
osil?ﬁ 0.005 - - --
081874 0.038 - -- .-
10107A 0.029 - .- -
101978 0.015 - -- --

@Modified Taliani method.

B. SURVEILLANCE OF ALUMINUM HYDRIDE-1451 PROPELLANT (U)

(C) The stability of neat aluminum hydride, discussed pre-

viously, is of utmost importance if the hydride were to be-
have similarly when formulated in propellants. The decomposi-

ion prates of the neat hydride could then be appllied directly
to determining the gas generation within the formulated pro-
pellant. However, there 1s a growing amount of evidence to show
that the hydride does not decompose in a manner in propellant
which is at all similar to the decomposition of neat aluminum
hydride, particularly at ambient (25°C.) temperature.

{(C) ‘the gas generation of aluminum hydride propellants has
been studled at 25°, 4%0° and 60°C. Three propellant formula-
tlons have been used ln these studlies, and are listed in Table
XII. These formulations were used only to facilitate the study
of the behavior of AlHa-1451 in propellant environment; no other
purpose s intended. The suggestions of other pronellant con-
tractors in our propellant studies are sincerely appreciated.

-18-
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Table XiT
{C) Aluminum Hydride-1451 Propellant Formulations
7 . Welght, 4

fropeliant

«I;ggreéieﬁt
AlHa-1451 '25.0  20.80 25.00
AP 26.0 30.69% 49.50
PGNC 12.0 - -
NG 26.2 - -
TEGDN 4.4 13.02 -
BDNFA 4.4 - -
2-NDPA 1.6 - -
Resorcinol 1.0 0.50 -
TMETN .- 21.63 14.00
2L-437 .- - 10.00
HX-874 e .- 1.39
NPP-PNC - - 12.86
Ethyl

Centralite - - 0.50

aFcrmulatien and assistance by Dr. John Alabashi,
Allegany Ballistles Laberatory.

chrmulatian‘ and assistance by Dr. J. Martin,
Thiokol Chemical Company, Huntsville, Alabama.

Crormulation and assistance by Dr. George Myers,
Lockheed Propulsion Company, Redlands, Callfornia.

dAP is 70% 45 u, 30% + 48 mesh.
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1. 25°C. Surveillance (V)

{C) Tne propellant samples which have been studied at 25°C.
during.the past year are listed in Teble XIII. Five samples of
aluminum hydride, including unstabilized macrocrystalline,
surface hydrolyzed macrocrystalline, magnesium~doped, and magnesium
doped DPA-treated AlHa-1451,continue to be studied in double base
propellant.

Table XITI
{(U) Double Base Propellant Samples on 25°C. Surveillance Test

Date Placed Days %
i __Fuel Type on Test  on Test Decomposition
Aluminum { reference) 8-04-65 Termi- Negligible
nated

AlH; - Lot 02C55 8-0k-65 865 0.40
AlHs - Lot 02055 - surface 10-13+65 780 0.46
hydrolyzed

AlH; - Lot QX~020- . . 5-20-66 571 0.126
magnesium-doped
AlHs - Lab sample 8262-145, 6-06-66 557 0.099
magnesium~-doped, in situ

DPA-treated
AlHs - Lab sample 9367-62, 6=07=-66 556 0.107
magnesium-doped, in situ

DPA-treated -

{C) The decomposition of the AlHa-1451 propellant samples
listed in Table XIII is plotted in Figure 6. The decomposition
of the three magnesium doped varieties 1is shown to be very
similar. The unstabilized macrocrystalline and surface hydrolyzed
macrocrystalline samples show considerably poorer stability than
the magnesium~doped materlal.

(C) Tnhe shape of the decomposition curve of aluminum hydride
in doutle base propellant is significantly different from that
of the neat material. A decrease in decomposition rate is ob-
served with time instead of the normal acceleration of decomposi-
tion. At 25°C., double base propellant containing unstabilized
macrocrystalline hydride decomposed approximately 0.28% during
the first year, 0.09% during the second year, and 0.04% during
the first half of the third year. . Decomposition figures

-20-
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assume all gas is generated by decomposition of the aluminum
hydride, and gas generatio. measurements are by a modified Taliani
method. Stabilized aluminum hydride, magnesium doped and DPA
treated samples, decomposed only approximately 0.10% during the
first year and very little over the first half of the second
year in double base propellant at 25°C.

(U} The double base propellant samples under surveillance
at 40°C. include those containing aluminum (refer.nce), unsta-
bilized macrocrystalline, magnesium-doped, and magnesium-doped,
DPA-treated AlHs-1451. One sample is being evaluated in a
Thiokol composite propellant formulation; the others are in the
ABL double base formulation. A list of the samples studied at
40°C. during the past year is given in Table XIV.

fable XIV

(U) Double Base Propellant Samples
on #0°C. Survelillance Test

Status, 12-15-67

Date Placed  Days 3
Fuel Type _ on Test on Test Decomposition
AlHs - Standard Lot 02055 9-8-65 828 0.89
AlHs - Lot QX-02C - 4.1L-66 Termi~- 1% at 359 days
magnesium-doped nated
AlHs - Lab Sample 9367-62 - 6-08-66 555 0.42
magnesium-doped, in situ
DPA-treated® I
AlHg - Lab Sample 9367-62 -«  6-07-66 556 0.49
magnesium-doped, in situ
DPA-treated
AlH3 - Lab Sample 8262145, 6=06-66 557 0.70

magnesium-doped, in situ
DPA-treated

Aluminum (reference) 9-08-65 828 Negligible

8Evaluated in Thiokol composite formulation.

(€) The decomposition rates observed from some of these
samples listed in Tabie XIV are shown in Figure 7. The aluminum
(reference) sample shows very little gassing and is not included.
Again the magnesium-doped, DPA treated hydride sample 9367-62
is shown to produce much less gassing than unstabilized hydride,
in both double base and composite propellant. However, some

P2
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unexplainable results have been observed in the 40°C. propellant
surveillance program. The magnesiim-doped sample QX-020, which
was shown to be quite stable in 25°C. tests presented earlier,
followed a more typical "autocatalytic" sheped decomposition
curve in the propellant at 40°C., reaching 1% decompositicn after
359 days. This is similar to earlier results with surface hydro-
lyzed unstabilized hydride which was reported previously (1) to
nave reached % decomposition at 204 days in double base pro-
pellant at 4. C. On the other nand, sample 8262-145 (magnesium-
doped, DPA tre: ted lab sample) which looked very good at 60°C.
has exhibited a large amount of iritial gassing at 40°C., and,
although the gassing rate is dec.easing with tine,the gas gen~-
eration curve more closel ' follows the unstabilized sample than
the other magnesium-doped, DPA treated aluminum hydride propel-
lant samples.

(C' Altrough these discrepancies are present it is still
eviden: that aluminum hydride in propellant at 40°C, more often
follows a decreasing gas generation rate curve than the accelerate
ing <as generation associated with decompositions of neat hydride.
A likely cause of this phenomenon is the presence of some moisture
©or other reactive impurity in the propellant,

e, 60°C. Surveillance (U)

(C) Several differen: types of AlH3-1451, including unsta-
bilized. magnesium-doped, magnesium-doped, DPA treated, and
"aged" m. gnesium-doped hydride have been evaluated in propellant
at 60°C. Remarkable stability has been observed from AlHa-1451
propellants containing the stabillized hydride. A few of the
most ctable samples remained on test at the time of the last
report (1) and have continued into *his program.

(C) Figure 8 shows thz results obtained from these samples
in ABL double base propellant at 60°C. Shown in Figure 8 are
lab samples 8262-145 and 9367-62, mc-nesium-doped, DPA treated
material, and sample 5353-142 which is a magnesium-doped sample
that had been aged at ~15°C. prior to formulation. The magni-
tude of improvement in stability of these formulations contain-
ing stabilized aluminum hydride is tremendous as formulations
containing unstabilized hydride reached 1% decomposition in
less than 10 days at 50°C.

(C) The effect of moisture in the propellant cennot be dis-
counted., Shown in Figure 9 is the decomposition of three samples
of ABL double base propellant containing unstabilized hydride.

The effect of adding very small amounts of HzO to the propellant
formulaticn is amazing. Th= "autocatalytic" process of decomposi-
tion is essentially stopped. Unfortunately, however, the initial
gassing of hydride exposed to water would be very detrimental to

prepellant.

ifne Dew Chemisal Company, Annual Technical Report, AFRPL-TR-67-
37, Janaary, 1967, Contract Nr. AF 04(611)-11400, Dow Report

Nr, FS-4Q-66.
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€. STABILITY IMPROVEMENT STUDIES (U)

(¢} Although large improvements in the thermal stability of
aluminum hydride have been accomplished with the magnesium-doping
and DPA treatment techniques, gdditional improvements may even-
tually be required for long term propellant storage. This program
is not intended as a study of methods of lmproving hydride sta-
bility, but as a direct result of studyling the stabillcy of various
samples some "fallout" information has led to a few experiments
which have produced valuable data on stabllizatlon technigques. In
addition, a large number of samples have been made avallable to
this program by work under another contract, AF O4(611)-11606, and
the stability of these samples will be reported in this section.

1. Effect of Water on Aluminum Hydride-1451 Stability (C)

{(C) Figure 10 shows the general stability of AlHs-1351 after
Pplacing water on the surface by different means. The trend is
the same in all cases, and the differences between the samples may
be caused only by the amount of water present. In general, water
present in the environment to which the hydride is subjected will
result in gassing during the reaction period, "initial gassing",
followed by improved stability of the hydride.

(¢) Figure 11 shows the effect of adding 1 wt. & water
directly to the sample at the beginning of the modified Taliani
stability test at 60°C. 1In this case, the reaction peried is
about 5-~10 days and the stablility after the reaction is about
3 to 4 times better than the untreated hydride. It is important
to note that two hydride samples were thoroughly degassed at 5
and 10 days, after the reaction period, with no loss in the im-
proved stability. This indicates that aluminum hydride, treated
with 1 wt. % water and heated at 60°C. for 5 days or more,could .
then be used witliout subsequent initial gassing and with improved
stability.

(C) The effect of water on the decomposition of aluminum
hydride is just as dramatic when partially decompesed hydrlde is
used. Shown in Flgure 12 is the decomposition of a pair of samples
of magneslum-doped aluminum hydride. After 1% decomposition had
been passed, 1 wt. & water was introduced to the test apparatus
eontaining one of the samples. Immediately a considerable amount
of gassing occurred, but stopped after only a few days and practi-
cally no decomposlition gecurred over the following 30 days. .

Treatment of Aluminum P .th Liquid
a from Work Under Contract Nr. AF O

(C) The effect of small amounts of water in liquids on the
decomposition of aluminum hydride formulated in the liquids is
dramatic. Of particular interest 1s the stability of hetero-
geneous aluminum hydride/hydrazine gelled propellant. The
results of studies of aluminum hydride in hydrazine are shown
in Figure 13. Examination of the hydride by & metallographic

-27-
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% DECOMPOSITION
-_—
24
CONFIDENTIAL.
20
.6
ADDED | WT. %
SAMPLE
ote
DUPLICATE SAMPLES
TEXAS LOT No.10056
04 Mg DOPED, DPA TREATED
NEAT ; CONFIDENTIAL
° —— . - V-317

(C) Fig. 12 - Effect of Addition of 1 Wt. % Water
to Partially Denomposed Aluminum Hydride-1451
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technique at the sampling points indicated the presence of metal
in the neat sample but none in the sample formulated in as-
received hydrazine (0.8% H20). It was further learned that
hydride recovered after long periods in the as-received hydrazine
exhibited much improved stability, both neat and when reformulated
in hydrazine. (A more detailed discussion of this study can be
found in Quarterly reports of work performed under Contract Nr.

AF 04(611)-11606).

(C) Work was then directed at studying other liquids, water
concentrations, and temperatures to increase the stabllity of the
hydride and to make the treatment more feasible. The samples
produced by the screening program conducted were evaluated for
neat stability as well as stability in hydrazine. The neat
stability data are of considerable interest to this program and
are included in Table XV. Essentially, the program resulted in
the choice of n-butylamine containing approximately 2.0% water
as the treatment liquid, and conditions of 60°C. for about 17
days, although longer treatment may further enhance the stability
of the hydride. This treatment was then scaled up to treat 3/4
1b. batches of aluminum hydride. The resultant 60°C. stability
of the hydride is shown in Figure 1% for the laboratory sample
and for the scale-up batches., A sample of the first scale-up
batch has been included in the surveillance program to determine
its decomposition rate at 25° and 40°C. No measurable decomposi-
tion has occurred after 2-1/2 months at 25°C. The available re-
sults at 40°C. are plotted in Figure 15 and are compared to an
untreated sample with stabllity similar to the material used in
the scaleup.

D. CORRELATION OF STABILITY DATA (U)

(C) The decomposition data obtained from the various alumi-
num hydride samples in this survelllance program are very useful
in correlating the observed decomposition rates at ambient (25°C.)
temperature to accelerated stability tests at 60°C., and correlat-
ing the stabillity of the samples to other characteristics such as
impurities, doping agents, surface treatment effects. The most
significant correlations developed from data obtained in this
program are discussed in this section.

1. Correlation of 25° with 60°C. Stability Data (U)

(C) The temperature during the storage of solid rocket
propellant motors containing aluminum hydride will determine the
rate of decomposition of the hydride. It is anticipated that this
temperature will be close to 25°C. It is therefore necessary to
know with some certainty the long term (up to 5 years) decomposi-
tion rate of the hydride at 25°C. Obviously, this cannot be
measured immediately at the time the rocket motors are formulated.
An accelerated stability test must be used to predict the long
term 25°C. decomposition rate.
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(C) Figure 16 shows the relationship of 25°C. stability *o
60°C. stability in terms of time to reach 0.05% decomposition at
25°C. vs. time to reach 1% decomposition at 60°C. This curve is
drawn for five established data points and one extrapolated point
as indicated., The results strongly indicate much more than a
one to one relationship of 25°C. stability to 60°C. stability;
i.e., a twofold stability improvement in 60°C. stability cor-
responds to at least a fivefold improvement in 25°C. stability.
This indicates that small additional improvements in 60°C. stabil-
ity wil' result in aluminum hydride with excellent 25°C. stability.

2. Correlation of Stability to Lithium Content (C)

(€) It has been observed that the stability of aluminum
hydride samples is somewhat related to the lithium content of
the samples, particularly the lithium content in excess of that
believed to be lithium chloride. Figure 17 shows the 60°C,
stability {(days to reach 1% Jecomposition at 60°C.) plotted vs.
the excess lithium content of the surveillance samples. The
data plotted represent the 12 most recent samples received from
the Texas Pilot Plant, ana all samples are magnesium-doped; some
are DPA treated. Speclfic information on the samples has been
presented in Tables V and IX.

(C) PFigure 17 shows that there is an inverse relationship
between lithium content a.ad stability, i.e., samples high in
lithium are less stable, and samples low in lithium are more stable.
This strongly indicates that Jithium may ve taking part in the
process of decomposition. It must be remembered, however, that
other variables, particularly crystal size and perfection have
a definite effect on the decomposition process which occurs
predominantly on the surface of the hydride crystals.

(C) Further consideration of the effect or lithium on stabil-
i1ty is being given on this program as well as others (1,2). The
presence of the lithium 1s caused by the need to use excess
lithium aluminum hydride (LAH) in the desolvation of aluminum
hydride etherate to the non-sedyated 1451 crystalline phase.

The mechanism by which the excess LAH enables the desolvation is
now known, but attempts to desolvate aluminum hydride etherate
without the LAH present have not succeeded.

5. Correlation of the Stability of Surface Treated Samp.es to

Oxygen Content (C)

(C) Surface hydrolysis of aluminum hydride has been known
for some time to have a definite effect on the stability of the’
hydride. New procedures, such as the n-butylamine treatment,

‘Contract Nr. FO4611-63-C-0021, "Thermal ‘Stability and Kinetic
Studies o AlHa," The Dow Chemical Company, Midland, Michigan.

2Contract Nr. F33615-67-C-1619, "LMH-1 Process Development," The
Dow Chemical Company, Midland, llichigan.
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are believed to be simply a controlled hydrolysis. However,
some interesting trends can be 3een when the stability of the
treated samples is plotted vs. oxygen content.

(C) In this case the data shown in Table XV relate the
stability of n-butylamine treated samples (time to reach 0.5%
decomposition at 60°C.) to the oxggen content of the samples.
The results are shown in Figure 18. Although these results do
show a strong correlation of stabllity to oxygen content, an
effect of treatment time is also observed. This indicates
that something other than gross surface hydrolysls is occurring.
Considering the relationship of stability tc lithium discussed
previously, the possibility must be considered that during the
period of surface treatment some of the lithium compound which
may catalyze decomposition is destroyed &s it reaches the sur=~
face of the hydride crystals, Further investigations to sub-
stantiate thls hypothesis are planned.

-390
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CECTION IIX

(U)___CONCLUSIONS AND FUTURE WORK

A, CONCLUSIONS (U)

(C) Based on the results obtained during this reporting
period, the following conclusions are made:

(1) Improvement in the 60°C. stabiiity of aluminum
hydride by a factor of two is accompanied by a
factor of four to five improvement at 25°C. for
very low levels of decomposition.

(11) A magnesium-doped sample which exhibited a 60°C.
stabllity of 25.5 days to 1% decomposition has
decomposed only 0.019% after one year at 25°C.
Many samples have now been made with even better
60°C. stability and are undergoing surveillance
studies,

(111) The 60°C. stability of aluminum hydride appears
to be related to the amount of lithium present.
The unknown lithium compound present may act as
a catalyst for decomposition.

(iv) The long-term stability of aluminum hydride pro-
pellant is characteristically better than for neat
hydride and decompositionr rates decreased with time
in most propellant samples. "Initial gassing" is
a problem and may be related to trace amounts of
moisture present in the formulations.

(v) Treatment of aluninum hydride in certain wet sol-
vents, such as n-butylamine, for extended perilods
of time at elevated temperature results in much
improved stability which is related to both the
oxygen content of the sample and the treatment
time and temperature.

B. FUTURE WORK (U)

(C) The following work is planned for the second year of
this three-year program:

(1) Continue surveillance of samples now on test until
they are fully characterized.

(11) Add new samples of aluminum hydride-1451 to the
surveillance program as they become available
tarough efforts on Contract Nrs, FO4611-68-C-0021
and F033615-67-C-1619.

41.
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(iv) Continue to feedback stability correlations ob-

served with surveillance samples to efforts qug§§§ﬂ¥
Contracts FO4611-68-C-0021 and F33615-67-C-1619.

(v) Further substantiate the relationship between
60°C. stability and long term decompnsition rates
at 25°C. to enable valid extrapolati ‘s for samples
with improved 60°C. stability.
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's sssteact Surveillance has continued on various samples of aluminum hydride includ-
ing: unstabilized macrocrystalline, magnesium-doped, and maghesium doped, DPA (di-
phanylacetylens) treated AlHe-1451. These samples are providing valuable decom-

position rate data both neat at -15°, 25° and 40°C., and in propellant at 25°, LO®

and 60°C.

Results of surveillance of neat aluminum hydride continue to indicate
greater inmprovement in 25°C. stability than was observed with these samples at €0°C
Tvo samples which reached 1% decomposition in 18.8 and 25.5 days at 60°C. have de-
composed only 0.05 and 0.019% respectively after 1 year at 25°C. Results of sur
veillance of aliminum hydride propellant are continuing to show decreasing gas gen-
eratiocn rates with time. At 25°C., double base propellant containing unstabilized
macrocrystalline hydride decomposed approximately 0.28% snd 0.09% during the first
and second year respectively and samples containing stabilized alumimm hydride, de-
composed cnly approximately 0.10% during the first year.

Small amounts of water in the environment which the alwminum hydride is
subjected to have been found to prevent the typical "autocatalytic” shaped decoms
position curve. Instead, an "initial gassing” period is observed followed by ex-
cellent stability. Treatments utilizing small amounts of hydrolysis to improve
stability are being developed.

The stability of neat aluminum hydride has been found to correlate ine
versely with the amount of lithium, other than lithium chloride, present as an ime
purity in the hydride, Excess lithium aluminum hydride is required in production

of AlH3-1451 of the desoivation of aluminum hydride etherate.
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